In the concept of the aesthetic formation of knowledge and its as soon as possible and success-oriented application, insights and profits without the reference to the arguments developed around 1900. The main investigation also includes the period between the entry into force and the presentation in its current version. Their function as part of the literary portrayal and narrative technique.
Introduction 1
In the World Energy Trilemma Index 2016 report, the World Energy Council's definition of energy sustainability is based on three core dimensions as energy security, energy equity, and environmental sustainability (https:// www.worldenergy.org/wp-content/uploads/2016/10/Fullreport_Energy-Trilemma-Index-2016.pdf). In this study, the focus is on energy security. The World Energy Council defines "energy security" as the "effective management of primary energy supply from domestic and external sources, reliability of energy infrastructure, and ability of energy providers to meet current and future demand" in the World Energy Trilemma Index, 2016. The World Energy Council used indicators given in Table 1 to calculate energy security's grade levels.
After the data for each indicator given in Table 1 was collected and verified, scores have been calculated for each indicator, the indicator-level results were standardized by using the z-score and then rescaled to the range between 0−100. The balance score grade for energy security was assigned from A to D based on the mean and standard deviation of energy security in the World Energy Trilemma Index, 2016.
In this study, following The World Energy Council's above-stated classification, energy security is taken as the ordinal response variable coming from the multinomial distribution with four ordinal categories as A, B, C, and D grade levels.
In order to investigate statistically significant effects on the world energy security by using generalized linear model (GLM) approach, 15 countries from Asia, 26 countries from Europe, 8 countries from Latin America and Caribbean, 8 countries from Middle East and North Africa, 3 countries from North America, and 1country from Sub-Saharan Africa regions are taken as subjects into the study.
Some studies on energy security in the literature can be given as follows;
Jacobson [1] reviewed and ranked major proposed energy-related solutions to global warming, air pollution mortality, and energy security. He also estimated CO 2 emissions due to the leakage for different residence times of carbon dioxide stored in a geological formation by using exponential equations over time. Kruyt et al. [2] provided an overview of available indicators for the long-term energy security of supply by using computation methods as dual concept diversity indices, mean variance portfolio theory, and Shannon index. Winzer [3] reviewed the multitude of definitions of energy security characterized according to some basic concepts. He calculated the system average interruption duration index of electricity supplies, and heat supply. He also estimated the total gross domestic product loss of Austria, Italy, and U.K. due to electricity interruptions by the additive mathematical model with multiplicative terms. Chester [4] examined energy security and its complex nature in full detail without giving any mathematical model. Sovacool and Mukherjee [5] provided a synthesized and workable framework for analyzing national energy security policies and performance in the aspect of energy security indicators and metrics. They also investigated demographic details of the energy security survey by using pie charts and bar graphs. Bahgat [6] reviewed the concept of energy security by examining Europe's energy mix and then analyzed European efforts to establish and strengthen energy partnerships in all aspects without giving any mathematical model. Löschel et al. [7] suggested an additional dimension along which indicators of energy security were classified by calculating energy security market concentration measure, ex-post and ex-ante indicators of energy security. Skodras et al. [8] suggested that production of coal-based synthetic natural gas might be a good alternative to carbon intensity in the energy generation and energy security by using nonlinear regression analysis. Yergin [9] investigated the concept of energy security very broadly in terms of the return of energy security, the dimensions of the energy security, the limits of energy independence and the strategic significance of the energy security. Awerbuch [10] investigated the effect of mitigating fossil price volatility on the energy security by using portfolio equation and calculating portfolio risks for the EU, the US and Mexico. Sovacool and Brown [11] analyzed the energy security performances of the US and 21 OECD countries based on availability, affordability, efficiency and environmental stewardship between 1970 and 2007. Cherp and Jewell [12] examined energy security from three different perspectives as sovereignty, robustness and resilience. Belkin [13] examined energy security challenges of the EU member states and the efforts of EU to determine the energy strategy policy. Ang et al. [14] surveyed 104 studies in the literature about 83 different energy security definitions with energy security indicators and indexes. Further literature studies on energy can be found in [15] [16] [17] [18] [19] [20] . During the detailed examination of energy security literature, it can be stated that a contribution of the findings of GLM on energy security with respect to the different energy components as investigated in this study have not been made before. Therefore this study on energy security is expected to make significant contribution to the literature.
Based on the importance of energy security in the energy sustainability of the world's energy performance, the main motivation of this study is to bring a new statistical evaluation of energy security in terms of energy imports, energy use per capita, energy sources consumptions, electricity productions from energy sources, and some energy reserves by GLM for ordinal response variable under different cumulative link functions. From this point of view, the statistical assessment of energy security presented in this study has not been included in any of the previous studies in the literature.
The statistical significance of this study is to highlight the importance of the most appropriate cumulative link function selection between the systematic component and the cumulative probabilities of the ordinal response variable in GLM by using major information criteria as AIC, AICC, BIC, and CAIC. And then, to emphasize the importance of the best cumulative link function selection on the accuracy of parameter estimates, confidence intervals, and hypothesis tests in the systematic component of GLM for the multinomially distributed response variable. The necessity to model the energy security data by GLM is the flexibility of modelling the ordinal response variable coming from the exponential family including multinomial distribution as given in this study. Table 2 
In Eq.  denotes a cumulative link function given in Table 2 in the GLM for the multinomial distribution are as follows [22] ;
The likelihood equations given in Eq. (5) 
Let g be the probability density function belonging to the derivative of the cumulative distribution function G .  denotes a cumulative link function given in Table 2 in the GLM for the multinomial distribution are as follows [22] ;
The likelihood equations given in Eq. (5) in the GLM for the multinomial distribution are as follows [22] ;
The likelihood equations given in Eq. (5) and Eq.(6) can be solved by using NR, FS or hybrid method. In this study, hybrid method, in which iterations with the FS method are performed before continuing iterations with the NR method, is used. If convergence is achieved before the maximum number of Fisher iterations is reached, the hybrid algorithm continues with the NR method [23] . The scale parameter related to the variance of the response variable is estimated by using Pearson chi-square statistic as follows [22, 23] 
The estimate of the scale parameter is computed as the ratio of the model Pearson chi-square statistic to the model degrees of freedom defined as ( ) N c 1 p − − in the GLM for the multinomial distribution [22, 25, 26] . In this study, the cumulative link function ( )
between the systematic component of the GLM and the cumulative probabilities of the i th response falling into or below the j th energy security grade level. Cumulative link functions given in Table 2 are used to permit the cumulative probabilities of the ordinal response variable to be linearly related to the covariates as in Eq.(2) (http://share.uoa.gr/public/Software/SPSS/SPSS22/ Manuals/IBM%20SPSS%20Advanced%20Statistics.pdf). 
Cumulative link functions Formula
Cumulative negative log-log
where Φ −1 is the inverse of the standard normal cumulative distribution function.
Information criteria (IC) are used as goodness-offit test statistics for determining the best cumulative link function between the systematic component and the cumulative probabilities in the GLM for the ordinal response variable are given in Table 3 .
(https://www.ibm.com/support/knowledgecenter/ SSLVMB_22.0.0/com.ibm.spss.statistics.algorithms/alg_ genlin_gzlm_modeltest_goof.htm) 
Goodness-of-fit-test statistics Formula
Akaike Information Criteria (AIC)
Finite Sample Corrected Akaike Information Criteria (AICC)
where l is the maximum value of the multinomial loglikelihood function given in Eq.(4) evaluated at the parameter estimates,
p is the number of parameters in the model, N is the total number of subjects.
The smallest values of IC determine the best cumulative link function in the GLM for the ordinal response variable.
Generalized linear model for the 3 world energy security data from multinomial distribution
In this study, "energy security" is taken as the ordinal response variable. Ordinal response variable categories are taken as A, B, C, and D energy grade levels as indicated in the World Energy Trilemma Index, 2016. The response variable probability distribution is taken as multinomial. Cumulative link functions associated with the ordinal response variable are taken as cumulative logit, cumulative probit, cumulative complementary log-log, cumulative Cauchit and cumulative negative log-log. The parameter estimation method for the systematic component or the mean structure of the GLM for multinomial distribution is taken as the ML method with the hybrid iterative algorithm. Also, the scale parameter is estimated by using the Pearson chi-square statistic.
Energy imports (% of net energy use), energy use per capita (kg of oil equivalent per capita), oil (million tonnes), natural gas, coal, nuclear energy, hydroelectricity, solar, wind, geothermal, biomass and other (GBO) renewable energy sources consumptions (million tonnes oil equivalent), electricity productions (% of total) from coal, hydroelectric, natural gas, nuclear energy, and oil energy sources, total proved oil (thousand million tonnes), and natural gas (trillion cubic metres) reserves are taken Before starting the data analysis, covariates are centered by using their arithmetic means called "mean centering" method to get more stabilized, and consistent parameter estimates of the GLM and to reduce multicollinearity in the data structure.
Before constructing GLM for the world energy security data, pairwise correlations between these covariates are examined to measure the strength of the linear relationships between them. By using Pearson correlation coefficient, highly correlated pairs of the covariates are only determined for the energy sources consumptions between oil-natural gas 0.865, oil-wind 0.905, oil-GBO 0.834, natural gas-nuclear energy 0.824, coal-hydroelectricity 0.891, solar-wind 0.819, solar-GBO 0.816, and wind-GBO 0.854 with statistically significant p-values 0.000 at 0.05 α= significance level. When the covariates are moderately or highly correlated, parameter estimates, hypothesis tests, and confidence intervals may yield inaccurate statistical inferences and conclusions in the GLM for the world energy security data. In order to overcome this data-based multicollinearity problem, principal component analysis (PCA) technique [27] is used in this study. Ridge regression [28] and lasso regression [29] , based on constrained minimization problem with penalty term and Bayesian inference, are alternative but also complex approaches to PCA in the case of multicollinearity.
As the measure of sampling adequacy, Kaiser-MeyerOlkin (KMO) value is found to be 0.640. Especially for the values of KMO>0.5, it can be concluded that the sample is adequate, and PCA is moderately suitable for the world energy security data. Approximate chi-square test statistic value for Bartlett's test of sphericity is found to be 845.979 with statistically significant p-value 0.000 at 0.05 α= significance level. This indicates that the original correlation matrix is not an identity matrix and therefore the covariates are related and PCA is suitable for detecting this correlated covariate structure.
PCA which is also known as a popular dimension reduction technique is performed to form uncorrelated linear combinations of the covariates. In the PCA technique, "varimax" is used as the orthogonal rotation method that minimizes the number of covariates that have high loadings on each component. Six different principal Hydroelectricity consumption .643
Natural gas reserve .804
Total proved oil reserve .700
Electricity production from nuclear energy .875
Electricity production from natural gas -.550
Electricity production from oil -.523
Energy use per capita -.826
Energy imports .766
Electricity production from coal .753
Electricity production from hydroelectric .938
components out of 17 original covariates are constituted based on eigenvalue criterion higher than 1, and the scores for each principal component are created as the values of the new covariates.
As a key output of PCA, rotated component matrix containing estimates of the correlations between each of the covariates and the estimated components is given in Table 4 . As seen from Table 4 , six different components consist of highly correlated energy sources consumptions; non-renewable energy (fossil fuels) reserves of natural gas and oil; electricity productions from nuclear energy, natural gas, and oil; energy use per capita and energy imports; electricity production from coal; and electricity production from hydroelectric, respectively.
Ethical approval: The conducted research is not related to either human or animals use.
Results and discussion 4
In this section, results for modelling the world energy security data by GLM under different cumulative link functions are given comparatively.
Firstly, GLM for the world energy security data is constituted with 5 different cumulative link functions in terms of 6 different principal components as the new covariates. The values of goodness-of-fit test statistics comparing these cumulative link functions in the GLM for the world energy security data are given in Table 5 . The best cumulative link function between the cumulative probabilities of the ordinal response variable and the new candidate components to the mean structure of the GLM is determined as "cumulative logit" with the smallest values of IC as AIC, AICC, BIC, and CAIC, goodness-of-fit measures as the deviance, Pearson chi-square and the multinomial negative log-likelihood as seen from Table   5 . Additionally, the worst cumulative link function is determined as "cumulative complementary log-log" with the largest values of the same IC and the goodness-of-fit measures from Table 5 .
The estimates of the scale parameter are computed based on the value of the Pearson chi-square test statistic as 0.994, 1.084, 1.177, 1.192, and 1.247 for cumulative logit, cumulative Cauchit, cumulative negative log-log, cumulative probit, and cumulative complementary log-log link functions in the GLM for the world energy security data, respectively.
The results belonging to the parameter estimates, hypothesis tests of the parameters, odds ratios estimates and confidence intervals for the odds ratios in the GLM for the world energy security data under the best cumulative link function are given in Table 6 .
As seen from Table 6 , there are two statistically significant intercept parameter estimates, with Table 6 , cumulative logit model for A energy security grade level, indexed by 1, can be given as follows; Cumulative logit models for B and C energy security grade levels as ( )
it P Y can be constituted in a similar manner by including the statistically significant intercept parameter estimates To make a comparison between the best and the worst cumulative link functions, results belonging to the GLM for the world energy security data under the worst cumulative link function are given in Table 7 .
As seen from 
Cumulative complementary log-log models for B and C energy security grade levels as 
Conclusions 5
In the light of this study, it can be concluded that overcoming the multicollinearity problem by integrating the mean centering transformation method with the PCA technique as an alternative to the ridge regression and LASSO regression is vital when the covariates in the GLM for the ordinal response variable are moderately or highly correlated. Additionally, the most appropriate cumulative link function selection between the systematic component and the cumulative probabilities of the ordinal response variable is one of the most important stages on the accuracy of parameter estimates, hypothesis tests, and confidence intervals in the GLM. Thus, statistically significant covariates such as energy use per capita and energy imports, and also electricity production from hydroelectric in the cumulative logit model become statistically insignificant in the cumulative complementary log-log model.
Furthermore, the inaccurate estimates of the scale parameter greater than 1, indicating over-dispersion in the data structure, are obtained from the misspecification of the cumulative link functions in the GLM for the world energy security data. These inaccurate estimates of the scale parameter may also cause misspecification of the systematic component in the GLM for the world energy security data. Therefore, larger inaccurate estimates of the scale parameter lead the statistically significant covariates in the cumulative logit model to become statistically insignificant in the cumulative complementary log-log model.
In the light of this study, as a future work, it is intended to extend this study for the statistical evaluation of three core dimensions of energy sustainability as energy security, energy equity, and environmental sustainability altogether in the world's energy performance by using GLM for the ordinal response variable.
